Developed cities are troubled by various challenges, including urban dilapidation, environmental pollution, traffic congestion, lack of facility provision, and economic decline.
Decision Support for Urban Renewal
Urban renewal initiatives are beset by complexity (Zheng et al., 2014; Mayer et al., 2005) .
Urban renewal requires addressing the urban system and the stakeholder-involved social system (Zheng et al., 2014) . By adding to these two dimensions, it also involves the technological complexity of potential solutions (Mayer et al., 2005) . Considering that various issues, stakeholders, and solutions require balance, decision support is necessary for realizing sustainable urban renewal. Studies have been conducted to explore how to improve urban renewal decision-making.
Some studies only focus on decision support on one critical issue in urban renewal initiatives.
For example, Wang et al. (2014) developed a GIS-based framework to support land use planning in urban renewal with three modules of a land information database, planning/policy control mechanism, and land use suitability analysis. Housing, as an essential issue in renewal, has attracted much attention. Housing rehabilitation and redevelopment has been compared with a focus on economic feasibility by Schaaf (1969) . These two strategies for housing improvement, both of which hold various advantages and disadvantages, have been widely discussed by researchers (e.g. Yau and Chan, 2008; Ho et al., 2012) . To obtain a better understanding of building conditions, the Dilapidation Index in Hong Kong was proposed to assess the potential of urban renewal projects in decision-making (Ho et al., 2011) .
The sustainability concept is widely applied in a large number of studies to conduct decision support. An indicator-based approach, with its sustainability indicators, was conceptualized and developed by using a case study to measure urban regeneration performance (Hemphill et al., 2004a; Hemphill et al., 2004b) . In the Budapest region, sustainability of property development in urban regeneration was evaluated on physical, social and economic aspects (Kauko, 2012) . Peng et al. (2015) integrates a set of sustainability indicators into their proposed model to measure sustainability of urban regeneration. Another indicator-based system, entitled SIPRIUS, was developed to assess sustainability in urban renewal, within which the project dynamics of regeneration of disused urban areas were included (Laprise et al., 2015) .
Apart from various issues in urban renewal, the complexity of stakeholders also adds difficulties and uncertainties to urban renewal decision-making. When assessing brownfield developments, Williams and Dair (2007) proposed stakeholder identification in land reuse as one essential part in their framework, in which the assessment of sustainability objectives is another important part. The unlisted property fund sector's investment style was studied with the focus on its impact on decision making in urban renewal/regeneration property in the UK (Haran et al., 2008) . Nine types of public-private partnership in Dutch urban land use and revitalization projects within the framework of deregulated land markets were evaluated through a comparative study (Nijkamp et al., 2002) . Scenario analysis can be applied to support decision-making because it can scrutinize future potential plans, evaluate possible effects from policies, and provide valuable references for decision-makers. For example, Boyko et al. (2012) proposed a toolkit entitled Urban Future to assess urban renewal performance with four future scenarios (urban market forces, urban policy reform, urban new sustainability paradigm, and urban fortress world). A structured sustainability assessment of an existing neighborhood and comparison of three possible scenarios (building improvement, densification according to the legal principles, and densification with adaptation of legal bases) were integrated to evaluate an existing neighborhood in Switzerland to support the urban renewal decision-making process (Pérez and Rey, 2013) .
Urban renewal initiatives are proposed in multiple scales. At city scale, renewal direction and policies are proposed. At district and neighborhood scales, specific programs can be implemented, because they are small enough to implement detailed plans. Compared with building scale, these two scales can better address issues for the community and even the whole city, because they are large enough to address other issues in urban renewal such as land use, urban design, and facility provision. Previous research mainly focuses on one project or neighborhood. Research from a multi-scale perspective has not been touched. Multi-scale analysis could provide a more comprehensive understanding on urban renewal for better decision-making. Hence, this research will fill this gap.
Model Development

Process and methods
Several research methods were adopted to develop and validate the proposed model, including literature review, document analysis, expert interview, simulation, case study, and experimental study. The detailed research process is shown in Figure 1 . After defining the research problem, relevant theories, previous research findings, and related documents were reviewed in the library research process. Then, the multi-scale model was conceptualized through reviewing literature, analyzing documents and interviewing experts. When developing different submodules, simulation and case study were the main research methods adopted. Various techniques were also used, including system dynamics modelling, conversion of land use and its effect at small scale (CLUE-S) modelling developed by Verburg et al. (2002) , Markov chain prediction, indicator-based approach, and spatial analysis in GIS. To validate this multi-scale model, experimental study and expert interview were employed. During the validation stage, feedback was collected, to further enhance the conceptualized model and modify the submodules. Figure 1 Here -
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Conceptualization of model development
Three sub-modules are included in this model, which are system dynamics (SD) sub-module, land use simulation (LUS) sub-module, and sustainability assessment (SA) sub-module. An overview of these three sub-modules is shown in Figure 2 . Three sub-modules involve three different scales (city, district, and neighborhood).
SD sub-module development generally involves four main steps (see Figure 2 ): (1) defining and describing system; (2) developing model; (3) validating model and (4) conducting scenario analysis. Urban renewal decision-making can be supported from two main aspects: (1) it could explore sub-systems and variables in the urban renewal process, which provides a better and more comprehensive understanding of urban renewal at city scale; (2) it could generally analyze the influence of different strategies (e.g. rehabilitation, revitalization) on realizing urban renewal objectives through different scenarios.
The LUS sub-module provides decision support at district scale, which simulates future land use. Firstly, the main land use types need to be confirmed. Secondly, the driving factors of each land use need to be selected. Based on analysis of past land use change, the driving factors of land use can be determined respectively. Thirdly, parameters in the LUS sub-module are set to simulate historical land use change. Based on comparison of real data and simulated data, the LUS sub-module setting can be adjusted. Afterwards, the adjusted setting could be adopted to simulate future land use and conduct scenario analysis. The results of the LUS sub-module comprise land use probability maps of different land use types and maps of future land use under different scenarios. These maps can present possible land use problems, which could provide decision-makers in urban renewal with some references.
The SA sub-module provides decision-making support at neighborhood scale. In SA, three categories (environmental, social, and economic) are included for sustainability dimension.
Building condition is regarded as a single dimension. These indicators are identified through literature review and expert interview. These indicators could be adjusted under different contexts. Through calculating values in the sustainability dimension and the building condition dimension of the entire neighborhood respectively, a four-quadrant, decision-making matrix is adopted to show directions for different neighborhoods. When both sustainability value and building condition value of a neighborhood are high, minimum change to the neighborhood is suggested. When a neighborhood has a high sustainability value but a low building condition value, revitalization through different approaches should be implemented to improve the entire neighborhood. When the sustainability value of neighborhood is low while the building condition value of neighborhood is high, rehabilitation activities are the first choice to address neighborhood problems. When both values are low, redevelopment may be the best approach to addressing neighborhood problems. Based on the proposed matrix, a decision-maker could gain a clear understanding of neighborhood condition. Details of this sub-module can be referred in Zheng et al. (2016) .
These three sub-modules are not isolated. SD provides a general direction for urban renewal.
Under this general direction, LUS can guide on land use issues, including the possible problems and effects of different policies/strategies based on its simulation of future land use.
Neighborhood problems can be found, based on SA results, and a specific strategy can be proposed accordingly. By combining LUS and SA, specific strategies and approaches can be raised.
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Supporting database
To support urban renewal decision-making, crucial information was collected to establish a supporting database. In this database, data at three scales and urban renewal-related information are collected. Through data processing and integration, spatial and temporal databases are established. Their forms are maps, tables, and texts. After processing data, the supporting database was established, containing economic, social, and environmental information. Land use data and building condition data are also included in output layer. There are mainly two steps for establishing this supporting database. Because the current study selected Hong Kong as the case, the steps of developing this database are illustrated by using Hong Kong. ArcGIS software package was adopted to develop the spatial database. Excel tables were used for temporal data storage.
Data collection
Data at city scale are from statistical tables relating to society, economy, environment, and real estate. Because the focus of this study is Hong Kong, the data are collected from Census and 
Data processing
After collecting the raw data, these data from different sources are processed and integrated in the supporting database. Data at city scale are stored as tables in temporal dimension (from 2001 to 2012). Data at district and neighborhood scales are stored as spatial data, which also include associated attributes. Data processing activities comprise digitalization of land use maps, derivation of different information from digital maps, spatial analysis of some information, and integrate some non-spatial attributes with spatial data.
Results of developing three sub-modules
Hong Kong is selected to develop the sub-modules. Specifically, the entire Hong Kong city is used for developing the SD sub-module (city scale). Yau Tsim Mong (YTM) district in Hong Kong is the case district for conducting the LUS (district scale). Two neighborhood units in YTM are selected to illustrate the SA sub-module (neighborhood scale). Figure 4 shows the case study area at three scales.
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Results of the SD sub-module
The SD sub-module was established, based on Hong Kong's practice. The boundary is the urban renewal system in Hong Kong. The time scale of SD is from 2001 to 2024. Vensim software is the modelling environment for developing the SD sub-module. Three pillars (society, economy, and environment) of sustainable development correspond to common objectives of urban renewal (Zheng et al., 2014) ; urban renewal projects involve many old buildings and their affected society and environment. Therefore, environmental, social, and economic variables were conceptualized and simulated in this sub-module. Figure 5 shows the modeling interface in Vensim. Because another paper by the authors discusses the details of developing SD, they are not presented in this paper.
Through the SD sub-module, the required urban renewal projects in the future were simulated.
Required urban renewal projects represent both redevelopment and rehabilitation projects.
Apart from a baseline scenario (following historical trend), two other scenarios were set to simulate the change of required urban renewal projects at city scale in the future, which shows different effects of rehabilitation and redevelopment on reducing required urban renewal projects. Scenario 2 is to simulate the trend of the required urban renewal projects when increasing provision of redevelopment projects. The aim of scenario 3 is to explore the effect of increasing provision of rehabilitation projects on reducing required renewal projects. Table   1 presents simulation results under three scenarios. Required urban renewal projects decrease more quickly under scenario 3. The main implication from SD is that rehabilitation can address urban decay more efficiently in the Hong Kong context, which is also a general reference for decision makers. When they attempt to solve the urban decay issue, the first choice should be rehabilitation rather than redevelopment. Table 1 Here -
Results of the LUS sub-module
In this study, a developed district in Hong Kong, YTM, is selected for the development of the Table 2 ). Land utilization of 2000 and land utilization of 2009 were used to set and modify sub-module settings. Then, land utilization of 2018 was simulated based on improved sub-module settings. Because the case is only for illustrating the LUS sub-module, only probability maps of different land use types in 2018 are shown in this paper (see Figure   6 ). More details of how to develop this sub-module can be seen in another paper by the authors (Zheng et al., 2015a ). Table 2 Table 4 . The aforementioned four-quadrant decision-making matrix is presented in Figure 7 , showing proposed strategies for A and B.
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Integration of three sub-modules
In terms of the case of Hong Kong, for illustration, a general direction for urban renewal in Hong Kong is that different strategies can be adopted but with prior consideration on urban rehabilitation, since it plays a more effective role in reducing required urban renewal projects. 
Model Validation
To validate the proposed model, experimental study and expert interview are adopted. This section introduces results of expert interviews and experimental study.
Expert interview
Three expert interviews were conducted to collect opinions on the proposed model, after developing sub-modules, by using the Hong Kong case. One expert is currently a professional in URA and senior lecturer in a university in Hong Kong. Another expert is a planner in the Planning Department. A further expert is a well-known professor in the urban planning field in the USA. During interviews, the proposed model was firstly explained to the professionals and then six questions were asked on the effectiveness of the model. The first question asked about the effectiveness of the SD sub-module. The second question collected comments on the LUS sub-module. The third and fourth questions were designed for the SA sub-module. The fifth question explored the usefulness of the overall model for strategic decision-making. The final question collectedother suggestions and comments that were not included in previous questions.
Generally, all experts held positive comments on the model and three sub-modules. They gave some suggestions on further improving this model, such as some terms in SD and SA needing to be changed to avoid confusion. Therefore, the terms shown in this paper and the experimental study have been modified. Another comment is that probability maps of different land use types in LUS should be referred to together, when making decisions.
Experimental study
Purpose of experimental study
The experimental study aims at testing whether the proposed multi-scale framework can provide decision makers with useful references for urban renewal decision-making and facilitate objective and effective decision-making.
Design of experimental study
The experimental study compared the effects of using a traditional decision method and applying the proposed decision support model in decision-making. Eighteen graduate students with similar educational backgrounds, such as urban planning, land management and construction management, participated in the experimental study. Some of the participants also have working experience in planning-relevant fields. Additionally, none of them had a prior understanding on the characteristics of the experiment and the contents of this study.
The duration of the experiment (in a form of workshop) was around one-and-a-half hours. These participants were divided randomly and equally into two groups. Each group was to perform tasks of deciding on the overall direction on urban renewal in Hong Kong, strategies for two neighborhood units (A and B) and some associated approaches.
In Section 1, group 1 participants were asked to use a traditional method to make decisions on the overall direction of urban renewal in Hong Kong, strategies for neighborhood A, and some associated approaches (Task 1). Similarly, group 2 also used a traditional method in Section 1.
The only difference was that their focused neighborhood was B (Task 2). A general description of urban problems of Hong Kong, brief introductions to A and B, some associated spatial maps and statistical tables, were provided for participants. They were asked to complete the task within 20 minutes. During this process, they could freely surf the internet and search for different resources.
In section 2, the multi-scale model for decision-making was introduced to two groups. Group 1 was asked to decide on a general direction on urban renewal of Hong Kong and provide a strategy for neighborhood B (Task 2) by referring to results of the proposed model. The difference for Group 2 was that the neighborhood was changed to neighborhood A. The decision-making time was also 20 minutes, and what was allowed is the same as that in Session 1.
The design of the experimental study (see table 5) is to ensure effectiveness. First, every group can experience both a traditional method and application of the decision support model. Second, every group conducts the same task just once, thus not being influenced by a prior decision. Table 5 Here -
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Questionnaire survey on participants
There are mainly three parts in the questionnaire: (1) background information, (2) comparison on traditional method and the multi-scale model, and (3) open-ended questions on effectiveness of the model. The first part is to explore whether participants have relevant background and knowledge in urban planning, land use, urban renewal, and public participation. The second part aims at knowing whether the proposed model is more effective than the traditional method.
The final part asks opinions of participants in terms of the satisfaction on the proposed model. Eighteen questionnaires were completed after two tasks. The results of the first part show that all participants are familiar with issues relating to urban planning, land use, and urban renewal whilst most of them have previous knowledge on focus group decision-making and public participation. Table 6 shows the results from the second part, in which questions were asked about the extent of participants' agreement or disagreement with respect to several statements, by using a fourscale method (strongly agree, agree, disagree, and strongly disagree). Generally, participants agree that the proposed model can contribute to better decision-making on urban renewal compared with a traditional method. The standard deviation value for Question 8 is high because two participants disagree with the statement, which implies that the proposed model is more suitable for professionals' decision-making.
In the final part, one open-ended question asked the participants their favorite aspect of the proposed model. Comments were various. Most mentioned that the logic was clear and SA was particularly helpful. In terms of a question asking for participants' suggestions, some mentioned that the quality of data might be a concern.
Generally, the results from the experimental study illustrate that the proposed model and its sub-modules can benefit decision-making for urban renewal with objective and comprehensive decision-making references.
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Discussion
Unlike previous studies on urban renewal decision-making, this research focuses on multi-scale issues from both spatial and temporal dimensions. Firstly, the urban renewal system in a city is explored through the SD sub-module, which provides a direction for renewal. In an urban renewal system, social, economic, and environmental variables must be included. Special consideration should also be given to urban renewal characteristics in a local context. Secondly, LUS at district scale could identify possible land use problems and predict future alternatives under different scenarios. Thirdly, SA at a neighborhood scale assessed the current condition of a neighborhood from the dimensions of sustainability and building condition. By comparing two dimensions in a decision matrix, relevant strategies were obtained. Additionally, referring to calculation details in the process, specific issues for a neighborhood were identified. Through the combination of three sub-modules, comprehensive references for decision-making were provided, which involve both current and future issues, consider spatial and non-spatial data, as well as adopt a multi-scale perspective. Different modeling approaches and technical tools were used for developing sub-modules, which provided a positive example for collaborative decision-making.
Apart from technical validation in the sub-modules, the experimental study and expert interview validated the effectiveness of the proposed model from the perspective of human beings. Feedback from these two validation methods indicates that this multi-scale model can facilitate urban renewal decision-making with its more objective and informative results, compared with traditional methods.
This multi-scale model acts as a prototype for developing an integrated decision support system.
Because three sub-modules were developed in different software, the integration of three submodules in one interface or software in the future may be a potential research area. More cases could be conducted for further application and validation. Another research direction is adding project scale into the model, with some projects having to be initiated from a single building.
Sometimes, a single building redevelopment may lead to pencil development. The proposed multi-scale model addresses issues that might be met by a single project (e.g. financing).
Conclusions
Urban renewal process is beset with complexity, involving various issues, players, solutions and scales, all of which add difficulty and uncertainty to urban renewal decision-making.
Although a considerable amount of research has been conducted to explore improving urban renewal decision-making, research from a multi-scale perspective on decision-making support is still an untouched area. Hence, this paper fills this gap by proposing a multi-scale model to support strategic decision-making in urban renewal. This model consists of three sub-modules and a supporting database. The three sub-modules act at city, district, and neighborhood scales respectively. At city scale, the SD sub-module explores the urban renewal system and provides a general direction for main policy-making direction. At district scale, land use in the future is simulated in the LUS sub-module to explore possible land use problems and the effects of policies/strategies in a renewal district. At neighborhood scale, SA studies the current condition of a neighborhood from the perspective of sustainability, so that associated strategies can be proposed. From the validation results, it is discovered that these three sub-models work interactively to provide multi-dimensional references for better and more objective decisionmaking.
The proposed model is the first attempt from a multi-scale perspective. Compared with previous research, the database established for the model is also more comprehensive because it involves both spatial and temporal dimensions. This model not only focuses on current issues (through the SA sub-module), but also pays attention to future status (through SD and LUS sub-modules).
From a practical perspective, the proposed model can provide comprehensive and multidimensional references for decision-makers. Even only one sub-module within the model can make a difference on decision support. Under other contexts, this model can also be adapted.
Urban renewal needs to consider other aspects such as financial availability, compensation issues, and allocation. Thus, a crucial point is that this model only serves as a reference for decision-making, but does not act as a decision-making model. Future studies could be conducted on other cases to improve the proposed model. Figure 1 Research process in flow chart
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